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Abstract: Introduction: CT perfusion (CTP) is an alternative tool to assess cerebral hemodynamics in 

brain trauma. As traumatic acute subdural hematomas (ASH) are severe lesions commonly associ-

ated with poor outcome, we aimed to evaluate the brain hemodynamics in this population. Methods: 

Five patients admitted at the emergency department sustaining traumatic acute subdural hematoma 

were evaluated. Preoperative CTP was performed immediately after nonenhanced head CT scan. 

Postoperative CTP was performed in four patients. The outcome was assessed 6 months after sur-

gery using the extended Glasgow Outcome Scale. Results: 4 male and 1 female were evaluated. Mean 

age was 46y (SD: 8.1). Mean preoperative midline brain shift was 10.1 mm (SD: 1.8). The main mech-

anism of trauma was falling (four patients). There was a general improvement in cerebral blood 

flow (CBF) after surgery from 23.9 (SD: 6.1) to 30.7 ml/100g/min, (SD: 5.1) and in mean transit time 

(MTT) from 7.3 (SD: 1.3) to 5.8s (SD:1.0), although it is not statistically significant (p=0.06 and p=0.06, 

respectively). There was still a reduction in the cerebral blood volume (CBV) media when compared 

to the value after surgery, from 2.63 (SD: 1.10) to 2.34 ml/100g (SD: 0.67), which is not statistically 

significant (p=0.31). Spearman correlation test of postoperative and preoperative CBF ratio with out-

come was 0.94 (p=0.054). Only one patient died (three days after surgery). This patient was victim 

of car crash and had the highest preoperative MTT (9.97 seconds) and CBV (4.51 ml/100 g). Conclu-

sion: Post-operative improvement of hemodynamic CTP parameters may be correlated with out-

comes after ASH. Further studies with larger samples are required to confirm this hypothesis. 
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Introduction 

Acute subdural hematoma (ASH) represents a major clinical entity in traumatic brain 

injury (TBI), diagnosed on computed tomography (CT) as an extra axial, hyperdense, cres-

cent lesion between the dura, and brain parenchyma [1]. The prognosis for traumatic ASH 

is poor [2], presenting the worst outcome of any category of severe TBI, given that 60% 

(21-90%) will die or remain severely disabled [3-6]. Several variables can help to predict 

prognosis in these cases, as age, trauma mechanism, presence of intracranial or systemic 

associated lesions, elapsed time between the traumatic event and the onset of treatment, 

hypoxia, hypotension and midline shift (MLS) [7-9], per example. ASH represents a major 

clinical entity in severe TBI. Approximately 60% of patients with a severe TBI also have 

an ASH to some extent [3]. Severe TBI has been reported to cause circulatory disturbances, 

specially at an acute stage. Several clinical TBI studies have linked low CBF to poor out-

come during the acute stage [10-12]. The CBF in patients with ASH decreases markedly 

immediately after injury [4,13].  

The ASH pathophysiology, besides the hematoma mass expansion itself, involves 

hemodynamic and metabolic events that can generate brain swelling [14-17]. Moreover, it 

is known that when the pressure within the cranium begins to rise, venous blood is dis-

placed through the jugular foramen and eventually the right atrium. This displacement is 
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able to compensate the increased pressure for a time until mechanical compensation is 

overcome [18,19]. All this cascade of events cooperates to intracranial pressure (ICP) ele-

vation [20,21] and the persistence of decreased brain blood volume and hypoxia [1,22,23]. 

Recently, perfusion tomography (PCT) became an important diagnostic tool in the 

emergency settings. The use of PCT allows the evaluation of at least three hemodynamic 

parameters: cerebral blood flow (CBF), cerebral blood volume (CBV), and mean transit 

time (MTT). PCT has already demonstrated that decompressive craniectomy surgery im-

proves cerebral hemodynamics in patients sustaining cerebrovascular ischemic stroke 

[20,24,25], nevertheless, the usefulness of PCT for assessment of ASH has been less ex-

plored. PCT may be helpful in a neurosurgical perspective to choose the best treatment 

strategy: craniotomy with hematoma evacuation or decompressive craniectomy [1,20,26]. 

Therefore, the present study aimed to evaluate the brain hemodynamics before and after 

surgery in a series of patients with ASH. A secondary endpoint was to evaluate the cere-

bral hemodynamics findings correlation with the outcome of this population. 

Methods 

This was a single-center, prospective cohort study. The patients were consecutively 

enrolled at the emergency room of a tertiary hospital and the patients had a 6-month fol-

low-up after the surgical procedure. The clinical and surgical treatments were performed 

in accordance with the hospital guidelines. This study was approved by the local institu-

tional ethics committee, (IRB 38212714.2.0000.0068), informed consent was obtained with 

the next of kin for each patient. The study hypothesis was that the hemodynamics param-

eters would improve after surgery. It was evaluated the MTT, CBF, and CBV before and 

after surgery. The primary dependent variable was the change in PCT parameters after 

surgery. Other secondary endpoint was to correlate the same PCT parameters with the 

extended Glasgow outcome scale in 6 months. 

Subjects and procedures 

Patients with clinical and radiological signs of ASH and possible indication of sur-

gery were eligible for the study. The decision to perform the procedure was made via the 

mutual agreement of the neurology and neurosurgery teams. The researchers involved in 

this study did not participate in the decision to define the appropriate treatment. After 

defining the operative management, the patients were recruited. All patients were hospi-

talized in an intensive care unit during the postoperative period. After 6 months, a struc-

tured interview was performed by a single evaluator, who was blinded to the information 

from PCT studies. 

The inclusion criteria were as follows: patients >18 years of age, ASH that required 

surgical decompression, and informed consent obtained from the patient or a lawful rep-

resentative. The exclusion criteria were as follows: intracerebral hematoma presented on 

nonenhanced CT on admission; presence of contraindications for PCT, such as renal fail-

ure or contrast allergy; hemodynamic instability; fever; pregnancy; hemoglobin <8 mg/dL; 

patients who qualified for thrombolytic treatment; and poor technical quality of pre- or 

postoperative PCT. The patients included in this study underwent nonenhanced head CT 

and PCT before and 24 hours after the surgical procedure. 

PCT Protocol 

PCT tests were performed using a 64-channel multidetector CT scanner (Philips Med-

ical Systems World Headquarters, Best, the Netherlands). Dynamic conventional scans 

were obtained in a plane parallel to the orbitomeatal orientation that included the basal 

ganglia, the thalamus, and parts of the anterior, middle, and posterior cerebral arterial. 

The acquisition lasted 50 seconds and began 5 seconds after an intravenous infusion of 50 

mL iodinated contrast (concentration 300 mg/mL) via an injection pump, which was ad-

ministered at a rate of 4 mL/s. The imaging parameters were 80 kV and 200 mA.  
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The images were acquired in a helicoidal cine mode at a rate of 1 image per second 

and were analyzed manually using the General Electric CT Perfusion Software. The arte-

rial and venous input regions of interest (ROIs) were selected. To produce a proper pro-

tocol to evaluate the PCT, it was defined a limited number of ROIs to be studied when 

analyzing the PCT images. ROIs were positioned at the brain cortical regions and basal 

ganglia, also at the lesion’s core and around the area of hypoattenuation ipsilateral to the 

lesion. Mirrored ROIs contralateral to the lesion were also evaluated. The postoperative 

PCT was performed using the same technique and utilizing the same pattern as the pre-

operative ROI inputs. The absolute values of MTT, CBF, and CBV were obtained on the 

workstation. All patient data were pooled and analyzed in terms of their means and con-

fidence intervals. All PCT exams were evaluated by a single experienced radiologist, who 

was blinded to the clinical data. 

Statistical Analysis 

The variables were described by the mean value, presented as standard deviation 

(SD). To compare the PCT parameters values, it was used the Wilcoxon test, which was 

considered statistically significant for p values < 0.05. Spearman’s correlation test was 

used to correlate postoperative and preoperative CBF ratio with outcome. 

Results 

Four male and one female were evaluated, Table 1 shows epidemiological character-

istics of each patient analyzed. Primary mechanism of trauma was fall (four patients), and 

one patient was a victim of a car crash and evolved to death (three days after surgery). 

The mean age was 46 years (SD: 8.1). All patients were submitted to surgery due to ASH, 

the MLS, rCBF, rCBV and rMTT before and after surgery are described at Table 2.  

The preoperative mean of the MLS was 10.06 mm (SD: 1.80), which was reduced, 

after surgery to 2.54 (SD: 1.15; p=0.031). There was a general improvement in CBF after 

surgery from 23.9 (SD: 6.1) to 30.7 ml/100g/min, (SD: 5.1) and in MTT from 7.3 (SD: 1.3) to 

5.8s (SD: 1.0), although it is not statistically significant (p=0.06 and p=0.06, respectively).  

There was still a reduction in the CBV media when compared to the value after sur-

gery, from 2.63 (SD: 1.10) to 2.34 ml/100g (SD: 0.67), which is not statistically significant 

(p=0.31). Post/preoperative CBF ratio correlation with outcome was 0,94 (p=0.054). 

Figure 1 presents a box plot comparing the pre- and postoperative values of MLS, CBF, CBV and 

MTT. Figure 2 shows the CT scan and PCT pre and postoperatively of a patient, being possible to 

observe an increase in CBF and a reduction in MTT after surgery. The patient who died had the 

highest MTT (9.97 seconds) and the highest CBV 4.51 ml/100g. Postoperative PCT was not possible 

in this patient, however the CT scan post presents multiple hematomas and cerebral herniation, 

the images of this patient are shown in Figure 3. Table 1. Baseline data of the patients. 

Case No. Sex Age(y) Trauma Mechanism InitialGCS 

1 Male 41 Fall 13 

2 Male 45 Fall 7 

3 Male 37 Ped vs MV 6 

4 Male 49 Fall 13 

5 Female 58 Fall 12 

MLS: midline shift; Ped: pedestrian; MV: motor vehicle. 

 Table 2. Mean quantitative values for midline shift and global hemodynamic parameters respec-

tively evaluated with non-enhanced CT and PCT before decompressive craniectomy and after de-

compressive craniectomy. 

Patient 
MLSb 

(mm) 

MLSa 

(mm) 

rCBFb 

(mL/100g/min

) 

rCBFa 

(mL/100g/min

) 

rCBVb 

(mL/100g) 

rCBVa 

(mL/100g 

rMTTb 

(s) 

rMTT 

a (s) 

1 9.8 2,5 17.63 26.08 1.83 1.9 9.07 5.65 
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2 13.1 3,9 24.55 26.97 1.84 1.69 5.81 4.46 

3 9.4 1 32.24 33.01 2.61 2.67 6.78 6.41 

4 9.7 3,4 21.48 36.87 2.4 3.1375 7.56 6.8 

5 8.3 -6,4 32.63 X 4.51 X 9.97 X 

MLS: midline shift; CBF: cerebral blood flow; CBV: cerebral blood volume; MTT: mean transit time. 

b: before decompressive craniectomy; a: after decompressive craniectomy. 

 

 

Figure 1. Boxplot comparing the values of rCBF, rCBV, rMTT and MLS before and after surgery. 

CBF: cerebral blood flow, CBV: cerebral blood volume, MTT: mean transit time, MLS: Midline Shift. 
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Figure 2. 49-year-old male, victim of fall, admission GCS of 13. Preoperative CT scan and perfusion 

CT (A). Postoperative CT scan and perfusion CT (B). There was an increment in CBF and a reduction 

in MTT after surgery, i.e., a postoperative hemodynamic improvement. eGOS in 6 months = 6. CBF: 

cerebral blood flow, CBV: cerebral blood volume, MTT: mean transit time, eGOS: Glasgow outcome scale 

extended. 

 

Figure 3. 37-year-old male, hit by car, admission GCS of 6. Preoperative CT scan showing laminar 

left subdural hematoma and midline shift (A). PCT depicts high MTT and CBV (three images in the 

middle). It was not possible to perform the postoperative PCT in this case. Postoperative CT scan 

shows multiples brain hematomas and brain herniation through the craniectomy (B). This patient 

died 2 days later. GCS: Glasgow coma scale, PCT: perfusion CT, MTT: mean transit time, CBV: cerebral 

blood volume. 

Discussion 

The present case series suggest that improvement in PCT parameters from pre to post 

operative stages, such as reduction in MLS and MTT, as long as elevation in CBF and CBV 

may have value for the follow-up of ASH patients. To our knowledge, exploring cerebral 

hemodynamics using PCT on the resection of ASH has not been performed previously.  

PCT is a non-invasive hemodynamic assessment method already used in the context 

of diseases such as cerebral ischemia and spontaneous subarachnoid hemorrhage (SAH). 

In a prospective study evaluating 50 patients with SAH, the presence of a prolonged MTT 

was associated with delayed cerebral ischemia and cerebral infarction. Despite not corre-

lating with prognosis [2,26]. Dolatowski et al. [27] proposed the use of PCT as a non-inva-

sive assessment method for early detection of vasospasms. By doing that, PCT assists in 

the definition of performing angioplasty when treating severe cases, being the MTT the 

parameter with the highest diagnostic accuracy. 
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Amorim et al. [28] have shown that decompressive craniectomy in middle cerebral 

artery’s stroke is associated with overall brain hemodynamic improvement when evalu-

ated by CT Perfusion. The before-mentioned improvement was represented by the global 

MTT reduction, increased CBF in the infarction zone, and reduction of MTT in the contra-

lateral hemisphere [28]. Bendinelli et al. [15] performed admission PCT in 50 severe TBI 

patients and showed that CTP variables had great predictive ability to predict poor out-

come (AUC for abnormal CTP=0.92), showing the potential of PCT as a tool to evaluate 

outcome in TBI. However, postoperative PCT in such patients were not performed. More-

over, a detailed analysis of patients sustaining ASH was not available. In our study, the 

initial analysis of five cases showed a trend of amelioration in brain hemodynamics after 

surgery and suggested that PCT may be useful as a prognostic tool in patients with ASH.  

This study has some limitations. The number of patients included in this study was 

relatively small. In addition, the hemodynamic study was only performed with PCT. Pro-

spective studies, using transcranial Doppler or CT angiography could allow further eval-

uation of cerebral collateral circulation and the occurrence of recanalization. Because sur-

gical treatment was performed as needed, at any time of the day, the use of Doppler was 

not feasible because it could only be performed during the day. Additionally, because CT 

angiography requires additional exposure to radiation and intravenous iodinated con-

trast, we preferred not to use it because the patients would have been exposed to 2 PCT 

studies over a relatively short duration. A study with a greater sample size is necessary to 

certify if PCT can be used in clinical practice to evaluate intraoperative brain status and 

long-term patient outcome.   

Conclusion 

CBF seems to increase after acute subdural hematoma surgery, and it suggests that 

the improvement in brain hemodynamics correlates to an improved outcome, especially 

when evaluated in conjugacy with the MTT values, which reduces significantly following 

decompressive craniectomy. 
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